SUMMARY There are few reported studies of the lower oesophageal sphincter in preterm infants and none has investigated babies of less than 34 weeks gestation. Using a modified manometric technique suitable for use on very low birth weight infants we have measured sphincter pressures on 68 occasions in 25 infants of postconceptional age between 27 and 41 weeks. In even the most preterm infants the lower oesophageal sphincter could be defined. The mean effective sphincter pressure rose from 3-8 mmHg in infants of less than 29 weeks gestation to 18-1 mmHg in the term infant. This rise in effective sphincter pressure correlated well with increasing postconceptional age (r=0*81). This pattern of maturation in our patients was unaffected by intrauterine growth retardation, postnatal illness, or concurrent xanthine administration.
In the preterm infant gastro-oesophageal reflux has been implicated in the pathogenesis of aspiration pneumonia, chronic lung disease, and apnoea.' It is also a significant risk factor for sudden infant death syndrome for which these infants are at high risk. 2 The lower oesophageal sphincter plays an important role in the prevention of gastro-oesophageal reflux yet little is known about the maturation of this sphincter in the preterm infant. Previous studies used systems now considered unsatisfactory because of damped sensitivity to pressure change as a result of an inadequate pressure frequency response. This could explain the very low sphincter pressures that have been reported in children and infants.34 BoixOchoa studied infants of varying gestation, including preterm infants of 34 weeks and over. All infants were found to have no effective sphincter pressure until six weeks after birth. From this it was inferred that sphincter maturation is completely dependent on postnatal age and independent of gestation. 4 Accurate systems are now available for use in older infants and children' but the need for a small catheter and low perfusion flow rate precludes their use in preterm infants. Our aim was to devise a manometric system with a high sensitivity and low compliance that would be suitable for use in infants of birth weights less than 1000 g and to study the resting lower oesophageal sphincter in the preterm very low birth weight infant in order to observe the early development of the sphincter and its subsequent pattern of maturation.
Methods

INFANTS
Twenty five infants were studied on 68 occasions.
Mean birth weight was 1460 g (range: 690-3300 g) and mean gestation 31*2 weeks (range 27-41 weeks); infants were studied between day one and nine weeks of age. Serial measurements were carried out on infants who remained on our neonatal unit until discharged home. This was not possible in those who were transferred back to their referring hospital when they no longer required intensive care.
Gestation at birth was assessed within two days of delivery by maternal history and Dubowitz assessment.6 Postconceptional age was calculated by adding the postnatal age to the gestation at birth.
The majority of measurements were made when infants were well and required only nursing care and tube feeding. None The principal features of the manometric pressure profile of the lower oesophageal sphincter in the preterm infant were the same as those described in adults,9 and children.4 Thus the position of the diaphragm could be identified by the change in the pattern of the superimposed respiratory waveform. As the catheter traverses the diaphragm the deflection during inspiration which is negative while the catheter is in the thorax becomes positive.
A rise in pressure, representing the lower oesophageal sphincter, was seen above and below the diaphragm. In the chest a small initial rise above the resting oesophageal pressure was followed, below the diaphragm, by a more marked rise in the high pressure zone of the sphincter. The initial rise in pressure above the diaphragm was small in the very preterm baby and more distinct as the baby became more mature.
The length of the high pressure zone of the lower oesophageal sphincter increased with postconceptional age from a mean of 6-5 mm (0-96) in the very preterm infant to There was a strong correlation between postconceptional age and both effective sphincter pressure (r=0-81, p<0001) ( Fig. 1) sphincter pressure (r=0-80). Although effective sphincter pressure rose with postnatal age the correlation was less good (r=0.44) (Fig. 2) .
Serial measurements were obtained from seven infants who were studied on four or more occasions. These infants were well and, although two had birth weights below the 10th centile, all were receiving full feeds and showing good weight gain. The longitudinal data (Fig. 3) confirm in individuals the trend seen in the combined results.
INFLUENCE OF INTRAUTERINE GROWTH, ILLNESS, AND XANTHINE ADMINISTRATION
Effective sphincter pressure was unaffected by weight for gestational age, and perhaps surprisingly, by illness at the time of study (Fig. 2) . Those infants receiving xanthines showed no tendency towards reduced effective sphincter pressure and had pressures which were not significantly different from other infants of similar postconceptional age (p>O-5).
Discussion
The successful development of a manometric technique for use in very low birth weight infants has allowed us to study the resting lower oesophageal sphincter in this group for the first time. There is a rise in effective sphincter pressure from 27 weeks postconceptional age to term. This rise is shown in the combined data and confirmed in individual infants who were followed longitudinally. (Fig. 2) . Here not only is the correlation coefficient poor (0-44), but also some of the highest pressures we found were in full term infants who were studied within a few days of birth.
We also observed that from the first days after birth even the very preterm infants of less than 30 weeks gestation were able to produce a lower oesophageal sphincter pressure higher than the fundal pressure, providing a definite, albeit small, pressure gradient between stomach and oesophagus. In these and all other infants the fundal pressure was higher than the resting oesophageal pressure, and thus this small pressure gradient may be important in preventing continuous gastro-oesophageal reflux.
We noted that sphincter length increased with maturity. The trend was clear although exact values should be interpreted with caution because our open ended catheter was not specifically designed for the measurement of sphincter length.
Infants with prenatal intrauterine growth retardation or postnatal illness had results within the distribution of the combined cross-sectional and longitudinal data (Fig. 1) . The infants on whom serial measurements were made were well, although two were born small for gestational age, and, therefore, further longitudinal studies are required to determine the effect of more longterm illness or growth retardation. Furthermore because the full spectrum of neonatal disease was not represented the possibility of altered sphincter maturation as a result of illness cannot be excluded. The lack of apparent effect of these factors upon sphincter maturation, however, was surprising and differs from some other aspects of early gut development. 4"5 Xanthines have previously been shown to reduce the lower oesophageal sphincter pressure'6 and increase the amount of gastro-oesophageal reflux in term infants at risk of sudden infant death syndrome. '7 In this study infants receiving xanthines had results which did not differ from the general distribution. Numbers were small, however, and further longitudinal studies are required to more clearly define the effect of xanthines on the preterm sphincter.
Finally those infants who had not been fed had sphincter pressures within the general distribution. All these infants were less than seven days old because of our policy of early enteral nutrition of very preterm infants with expressed breast milk.
We have shown that a potential antireflux mechanism exists in infants from 27 weeks gestation and that the mechanism probably becomes more effective as the infant matures. The exact relationship between effective sphincter pressure and gastro-oesophageal reflux, and between these two factors and putative reflux related disorders such as recurrent apnoea, however, remains largely unexplored. sphincter in the preterm baby. 
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